We present high-resolution X-ray observations of the small-diameter supernova remnant (SNR) G349.7+0.2 with the Chandra X-ray Observatory. The overall SNR spectrum can be described by two spectral components. The soft component is in ionization equilibrium and has a temperature of ≈ 0.8 keV; the hard spectral component has a temperature of ≈ 1.4 keV, an ionization timescale of ≈ 5 × 10 11 cm −3 s and enhanced abundances of Si. The spatially resolved spectral modeling shows that S may also be enhanced, at least in some regions. The enhanced abundances clearly point to the presence of an ejecta component in this remnant. Using the available H i and CO data towards G349.7+0.2 we derive a column density of ≈ 7×10 22 cm −2 along the line of sight to the SNR, which is consistent with our X-ray data. The X-ray morphology of G349.7+0.2 is strikingly similar to that at radio wavelengths -an irregular shell with a brighter eastern side -which is consistent with expansion in a medium with a large scale density gradient. The remnant is known to be interacting with a molecular cloud (from the presence of OH(1720 MHz) masers), but this interaction is probably limited to the central portion of the SNR, as seen in SNR IC 443. We found that H i clouds are present in the SNR region, which supports the notion that G349.7+0.2 belongs to a class of remnants evolving in the intercloud medium (such are IC 443 and W44; Chevalier 1999), which is also responsible for the remnant's morphology. G349.7+0.2 does not have the mixed-morphology found for other maser-emitting SNRs studied to date in X-rays, but its morphology can be explained by a projection model for mixed-morphology SNRs. We have identified a point source close to the center of the SNR with a luminosity of L X (0.5−10.0 keV) ∼ (3−5)×10 34 d 22 ergs s −1 , which is consistent with that of the compact central objects found in a few other Galactic SNRs.
1. introduction G349.7+0.2 is one of the three brightest radio supernova remnants (SNRs) in our Galaxy (Shaver et al. 1985 ), yet until recently very little was known about it. It is a small diameter remnant (≈ 2.
′ 5) classified as shell-type with a brighter eastern SNR limb (Shaver et al. 1985) . Early H i observations indicated that G349.7+0.2 is located at a distance of 18.3 ± 4.6 kpc (Caswell et al. 1975) . OH(1720 MHz) maser emission has been detected towards G349.7+0.2 at a radial velocity of around +16 km s −1 , implying that the SNR is interacting with dense molecular gas (Frail et al. 1996) , and establishing a kinematic distance of 22.4 kpc. The molecular complex associated with the remnant was mapped in the CO 1-0 line , while near-infrared and millimeter-line observations have identified the shocked portion of the cloud located towards the center of the remnant . The shocked gas has temperature around 45 K and density around 10 5 cm −3 , which agrees well with conditions required for OH(1720 MHz) maser production (Lockett, Gauthier & Elitzur 1999) .
In the X-ray band G349.7+0.2 was first detected in the ASCA Galactic plane survey (Yamauchi et al. 1998 ). Follow-up pointed observations with ASCA showed that the remnant is one of the most luminous SNRs in the Xray band (Slane et al. 2002) , with a thermal spectrum dominated by strong Kα lines from Si, S and Fe. The global spectrum was well fitted by both single equilibrium and nonequilibrium ionization models, with a plasma temperature ≈ 1 keV. The ASCA data indicated an age of ∼ 2800 yr, an unabsorbed X-ray luminosity of L X (0.5 − 10.0 keV) ∼ 2 × 10 37 d 22 ergs s −1 , and an energy release of ∼ 5 × 10 50 ergs in the supernova explosion. The inferred abundances were consistent with solar values, and the large derived X-ray emitting mass (∼ 160M ⊙ ) showed the gas to be dominated by swept-up interstellar material. These results are consistent with the SNR location near a molecular cloud. However, a detailed morphological assessment and spatially resolved spectral analysis was not possible due to the poor spatial resolution of ASCA.
In this paper we present high-resolution X-ray observations of G349.7+0.2 with the Chandra X-ray Observatory. We discuss the SNR morphology and plasma properties, compare X-ray data with available atomic and molecular data, and compare the properties of G349.7+0.2 with those of similar SNRs. sensitivity and energy resolution in the soft X-ray bands. Data were taken in full-frame timed-exposure mode with the standard integration time of 3.2 s.
We used the contributed CXC software CORR TGAIN (Vikhlinin et al. 2003) to correct for time-dependence of the ACIS gain (Grant et al. 2003) . After applying the corrections, the overall lightcurve was examined for possible contamination from a time-variable background. After these data reduction processes, the effective exposure was 34 ks from which 48606 photons were observed for the whole remnant.
Data were further reduced using standard threads in the Chandra Interactive Analysis of Observations (CIAO) software package v.3.0.2, and Calibration Database (CALDB) v.2.26 which includes the corrected FEF files for the S3 CCD used for making the ACIS response matrices. We used weighted response matrices for spectral fitting to account for CTI effects across the CCD. The low-energy (E < 1 keV) quantum efficiency of the ACIS has been degraded by molecular contamination on the optical blocking filter, and correction for this is integrated in the v.3.0.2. CIAO tools for making auxiliary response files.
3. data analysis and results
Spatial Analysis
In Figure 1 we show the exposure-corrected 1.0-8.0 keV band ACIS image of G349.7+0.2. The image has a pixel size of 0.
′′ 5 and was smoothed with a Gaussian filter with a FWHM of 1 ′′ . The emission is dominated by the eastern SNR shell, with the peak emission located to the southeast. The bright region appears complex with several knots of emission. The western SNR shell is weak and diffuse, with no noticeable structure. As shown later, this X-ray morphology is very similar to that in the radio band. The images in different energy bands imply that the emission from the eastern-most part of the SNR shell may be softer with respect to the rest of the SNR.
Five unresolved sources have been detected in the field of G349.7+0.2 using the CELLDETECT procedure in CIAO. Their properties are listed in Table 1 , and three sources are marked with circles in Figure 1 . Source PS4 (CXOU J171801.0-372617) is the only source located, in projection, within the SNR shell. All the sources have about the same number of counts, except for source PS1. The positions of sources were compared with the US Naval Observatory Guide Star Catalogue 4 and the 2MASS All-Sky Point Source Catalogue 5 . For sources within 2 ′ of the telescope axis, which is true for almost all of the sources (Table 1) the radius (90% confidence) of the Chandra position uncertainty is 0.
′′ 6 (see Chandra Proposer's Observatory Guide). Only source 1 has an optical/NIR counterpart (USNO 0525-27848790). The rest of the sources do not have counterparts within 5 ′′ of their position down to 22 mag in J band. Their spectra are hard, so they could be pulsars or background active galactic nuclei. Source 4 is of particular interest since it is located within the SNR and we give it more consideration in the next section.
Spectral Analysis
The spatially-averaged (global) spectrum from the entire remnant is shown in Figure 2 . A background spectrum was extracted from the outer regions of the S3 chip. As observed previously by ASCA, the SNR spectrum is dominated by Kα line features from Si, S and Fe. In addition, the Chandra spectrum shows weaker lines from Mg, Ar and Ca. For spectral fitting we used models for an optically thin thermal plasma that has reached collisional ionization equilibrium (VRAYMOND; Raymond & Smith 1977) and for a plasma that is still being ionized (VPSHOCK; Borkowski, Lyerly, & Reynolds 2001) . VPSHOCK is a plane-parallel time-dependent ionizing plasma model for which the ionization timescale, τ = n e t, describes the progress of the plasma towards equilibrium and can assume a range of values between the specified lower (usually set to zero) and upper limits. Since the version v.1.1 of the VPSHOCK model we used for the spectral fitting does not include the Ar line, we added a narrow Gaussian component at ≈ 3.1 keV in our fits.
Single-component VRAYMOND or VPSHOCK models with solar abundances, acceptable for analysis of the overall ASCA spectrum from G349.7+0.2, were not able to give a satisfactory fit to the overall Chandra spectrum. A good fit was obtained using a VPSHOCK model with enhanced Si abundance, and is significantly improved by adding an equilibrium thermal component with solar abundances; the best-fit parameters are listed in Table 2 . This result implies that the plasma in G349.7+0.2 is comprised of multiple components, with a softer component having plasma temperature around 0.8 keV, and a harder component having plasma temperature around 1.4 keV. We show the contribution of both components to the global spectrum in Figure 2 . As expected, the harder component (dashed line) dominates the spectrum above 3 keV, while the softer component (dotted line) dominates below that. We find no strong nonthermal emission in G349.7+0.2 and estimate the power law component contribution to the observed flux from the whole SNR region to be less than 2.6% for photon index values between 1.5 and 3 at the 3σ confidence level.
The Si abundance in G349.7+0.2 is clearly enhanced; the χ 2 value of the VPSHOCK+VRAY model drops by 46 when one additional free parameter (the Si abundance) is added. Additional elemental abundances were thawed one by one based on the inspection of the residuals, but only the additional Si in the VPSHOCK (hard) component improved the fit significantly. This enhanced Si abundance implies that we have detected for the first time a SN ejecta component in this SNR. This also implies that the soft spectral component, which has solar abundances, is most likely related to the forward shock, i.e., shocked interstellar material. The ionization timescales obtained for the two components are consistent with this scenario. The forward shock is encountering interstellar material that is denser than that of the SNR interior, and will therefore reach ionization equilibrium faster than shocked ejecta that is expanding in the rarefied SNR interior. The hydrogen column density obtained from the global Chandra spectrum is consistent with that obtained from the ASCA data (Slane et al. 2002) . Such a large column density confirms a considerable absorption of the soft emission from the SNR and is consistent with its relative distance. The Xray luminosity derived from the global SNR spectrum is L X (0.5 − 10.0 keV) ≈ 3.7 × 10 37 d 22 ergs s −1 . We note that the value obtained for the plasma temperature from the global ASCA spectrum represents an intermediate value between the two temperatures detected with Chandra.
The spectra from the whole SNR can therefore be fitted with two plasma components. Could these two components be separate parts of a single evolving shock? To test this we also fitted the spectral regions with a single planar, initially unequilibrated shock (from Rakowski, Ghavamian, & Hughes 2003) . In this model the temperatures of the electrons and protons equilibrate downstream through Coulomb collisions, providing a natural range in temperatures and ionization timescales behind the shock. However, even in this model the best-fit ionization timescales of the Si and S lines differ significantly such that no single component model can accurately fit both line complexes at once.
The high spatial resolution of the Chandra data allow us to perform a spatially resolved spectral analysis of G349.7+0.2 to search for spectral variations across the SNR. We selected 6 extraction regions, shown in Figure 1 , positioned along the SNR brightness gradient and each containing around 5000 counts. Spectra were re-grouped to include at least 25 counts per bin. As for the global SNR spectrum, the spectrum used for background subtraction was extracted from the outer regions of the S3 chip.
Unlike the overall SNR spectrum, spectra from the individual SNR regions can be well fitted with singlecomponent thermal models whose parameters vary from region to region; the fit parameters are listed in Table 3 and the spectra are shown in Figure 3 . All the regions, except the eastern-most region (region 1), favor the VP-SHOCK model over the VRAYMOND model; this implies that most of the plasma in G349.7+0.2 has not yet reached ionization equilibrium and is still evolving. Furthermore, all the regions except the eastern-most region prefer the presence of enhanced Si. Similarly, only the western-most region (region 6) prefers, in addition to Si, an enhanced abundance of S. For completeness, in Table 3 we list the values of Si and S abundances for all the regions. Plasma temperatures, ionization timescales and column densities measured from the individual regions and the global SNR spectrum are plotted in Figure 4 . The temperatures derived from individual regions have values intermediate to those of the soft and hard spectral components derived from the global spectrum. This suggests that the individual regions do not have sufficient statistics to distinguish between the two plasma components detected in the global SNR spectrum, and represent an average of the two components summed along the line of sight. The two eastern regions, regions 1 and 2, appear to have a lower plasma temperature than the other regions, suggesting that the softer component dominates in the eastern SNR region. Similarly, the fact that these two regions do not show the presence of Fe-K line emission like the other regions suggests that plasma temperature in these two regions is lower than elsewhere in the remnant. Figure 4 also implies that there may be a small variation in ionization timescale and column density across the SNR (e.g., regions 1, 2 and 3 versus regions 4 and 6).
To investigate the spatial distribution of Si and S line emission across the remnant on a finer scale than that of the spectral extraction regions, we produced continuumsubtracted (CS) and equivalent-width (EW) images (see e.g., Park et al. 2003) , shown in Figure 5 . Narrow-band images used for deriving the CS and EW images were filtered in energy according to Table 4 , and binned by 8 ′′ to provide a sufficient number of counts in the faint SNR regions. We found that the CS images for Si and S are quite similar to the whole band image. The EW images, which represent line strength compared to the continuum, do not show any spatial variation for the Si and S lines, which appears inconsistent with the results obtained from spectral modeling, at least for S. However, the EW of the emission lines does not depend just on the total number of emitting atoms that are present in the plasma, but also on the temperature and ionization state of the plasma. Region 6, where an enhanced abundance of S is derived from the spectral fit, is the same region where the ionization timescale is low, which also makes the line-to-continuum ratio lower than expected for an equilibrium plasma. The net result is that the S EW is relatively uniform across the remnant. This is confirmed by measuring EWs directly from spectra of the two representative SNR regions. The derived EWs for the Si(S) line in regions 2 and 6 are 0.40±0.03(0.24±0.02) keV and 0.36±0.03(0.28±0.02) keV, respectively.
SNR parameters
To derive mean electron density n for the two plasma components, we approximate the X-ray emitting volume V as a sphere 6.4 pc in radius, and denote f s and f h as filling factors for the soft and hard emission components, respectively. The emission measure for each component
2 ). Assuming that the soft and hard thermal components are roughly in pressure equilibrium (n s T s ≈ n h T h ), we can derive their relative filling factors:
2 . Here we assume that the plasma temperature we measure represents the temperature of all species (electrons and ions), although the X-ray fits only provide the electron temperature. Substituting in the fitted values from Table 2 , we find that f h /f s ≈ 1.05. However, in the case that the whole SNR volume is not emitting X-rays, we set f V = f s ≈ f h to account for the unknown volume filling factor. The electron densities are then n s 5.0 f
and n h 2.7 f
. The X-ray emitting mass can be found from M x = 1.4n H m H f V V , which gives M s 136 f V M ⊙ mass in the soft component and M h 40 f V M ⊙ mass in the hard component. Hnatyk & Petruk (1999) showed that the global characteristics of a SNR expanding into a density gradient will be similar to those of the Sedov (adiabatic) SNR, because there is a mutual compensation of the emission deficit from the low density regions by the enhanced emission from the high density regions. The shock temperature is thus related to the plasma temperature as in the Sedov (1959) model: T sh = 0.78T X ≈ 7 × 10 6 K, for kT X ≈ 0.76 keV (using the temperature of the soft spectral component which is most probably the forward shock component, as suggested previously). The corresponding shock velocity can be calculated from v sh = (16kT sh /3µm H ) 1/2 ≈ 710 km s −1 , where µ = 0.604 is the mean atomic weight. The SNR age is proportional to the shock radius and velocity, t = 2r sh /5v sh . We adopt the SNR radius of 1 ′ , for which its dimensional size is r ≈ 6.4 d 22 pc, and derive an SNR age of t ≈ 3500 d 22 yr. This is in agreement with the upper limits derived from the ionization timescales of the two components of t ≤ 4500 yr. The explosion energy is approximately E = 4.6 × 10 −25 (n s /4)(r
5/2 ergs, using the value of n s derived above. This is a slightly lower energy than the canonical value of 10 51 ergs, although the uncertainty on the density n s could modify this estimate somewhat.
Point Source
The X-ray emission from the point source CXOU J171801.0-372617 found inside the SNR shell is hard (Table 1), and there is a possibility that this source is a neutron star associated with the SNR. Indeed, in our ASCA study we suggested that G349.7+0.2 could be the remnant of a core-collapsed supernova (Slane et al. 2002) . Because the total number of counts from the point source is too low for spectral analysis, we estimated the unabsorbed flux using the count rate (≈ 9.4×10 −3 counts s −1 ), the effective area and response matrix files for ACIS-S. Neutron stars are found with a range of photon index values, with classical young pulsars having values between 1.1-1.7 (e.g. Chakrabarty et al. 2001 ) and more exotic objects like compact central objects (CCOs) and anomalous X-ray pulsars (AXPs) having a softer photon index of ∼ 4 and a blackbody component with temperature between 0.2-0.4 keV (Pavlov et al. 2002; Pavlov 2003) . Thus, assuming the same column density as for the SNR (7×10 22 cm −2 ) and a power law photon index between 1.1 and 4.0 we obtained an unabsorbed integrated flux in the 0.5-10.0 keV range of F 0 X ∼(5-8)×10
−13 ergs cm −2 s −1 , which at a distance of 22 kpc gives an X-ray luminosity of L X ∼ (3 − 5)×10 34 ergs s −1 . This luminosity is lower than the values found from the other young pulsars, and is closer to the luminosities found from CCOs, such as the one in SNR G347.3-0.5 (Lazendic et al. 2003) . There is no obvious compact source at the location of our point source in the radio image, but some difuse emission is present at the 15 mJy beam −1 level. Using the number of sources as a function of flux density from the Chandra Multiwavelength Plane Survey (Grindlay et al. 2003) , we derive a chance probability of ≈ 0.2 for finding an unrelated source with the X-ray brightness of ∼10 13 ergs cm −2 s −1
(assuming a power law photon index of 1.7) within the boundary of the SNR. Thus, the X-ray luminosity, and lack of an optical and radio counterpart at the present sensitivity of the observations is consistent with a possibility that point source in G349.7+0.2 is an associated CCO.
4. column density towards the snr We also examined 21-cm H i emission towards the G349.7+0.2 region from the Southern Galactic Plane Survey (SGPS) data with angular resolution of ≈ 2.
′ 5 (e.g., McClure-Griffiths et al. 2001) . The 21 cm spectrum toward the remnant shows very strong absorption at all negative velocities (R < R ⊙ ) and at positive velocities up to +8 km s −1 . This places the SNR slightly beyond the solar circle on the far side. Adopting the molecular cloud velocity of +16 km s −1 and using a flat rotation curve beyond the solar circle, the kinematic distance is 23.0 kpc, as found by Frail et al. (1996) .
The Galactic center CO survey of (Bitran et al. 1997 ) covers this region with beamwidth (1/8
• ) sampling. Integrating the nearest CO spectrum over the range v = −220 to +17 km s −1 and using the CO-to-mass conversion factor X = 1.8 × 10 20 cm −2 K −1 km s −1 (Dame, Hartmann, & Thaddeus 2001) we obtain: 2 × N (H 2 ) = 4.6 × 10 22 atoms cm −2 .
The 21 cm velocity-integrated intensity varies very smoothly in longitude and latitude through the position of the remnant, and to obtain the atomic column density we used the average 21 cm spectrum over a small rectangle (27 ′ × 21 ′ ) surrounding the remnant, but excluding a smaller region (15 ′ × 9 ′ ) of absorption directly toward the remnant. A lower limit on the atomic column density can be obtain by assuming the 21 cm emission is optically thin. This yields:
Adopting a standard H i spin temperature of 140 K yields an atomic column density of
Therefore:
which agrees well with the value derived from X-ray observations.
5. discussion
SNR Morphology and Interaction with Ambient Medium
The X-ray morphology of G349.7+0.2 revealed with the Chandra observations is strikingly similar to that of the radio image ), shown as contours in Figure 6 . Previous studies in the radio band have suggested that the structure of G349.7+0.2 is consistent with two overlapping rings, with the fainter, larger ring corresponding to the side where the SNR shock is encountering a lower-density medium (Manchester 1987; ). This interpretation is consistent with theoretical modeling of SNR expansion in a medium with a density gradient (e.g., Tenorio-Tagle, Bodenheimer, & Yorke 1985) . Since the SNR shock moves slowly in the dense cloud and faster in the lower density medium, two half shells with different radii are expected to be seen, with the shell radii depending on the initial location of the explosion and the steepness of the density gradient. In addition, Hnatyk & Petruk (1999) performed 2-D hydrodynamical modeling of the evolution and X-ray emission of SNRs expanding in a large-scale density gradient, as seen by an observer under different viewing angles. Compared to their model, the morphology of G349.7+0.2 is broadly consistent with a large scale density gradient seen by an observer at an angle of ≈ 45
• . G349.7+0.2 shows some morphological resemblance to another Galactic SNR associated with OH(1720 MHz) masers, IC 443. The two remnants are of similar age and spatial size, and radio and X-ray morphology of IC 443 is also consistent with expansion into a large scale density gradient (Hnatyk & Petruk 1998) produced by an H i cloud on the east and south-east side of the SNR (e.g., Braun & Strom 1986 ). In IC 443, an interaction with a CO cloud is occurring in the central region, where shocked molecular gas and OH(1720 MHz) maser emission is found (e.g., Burton et al. 1988; van Dishoeck, Jansen, & Phillips 1993; Claussen et al. 1997) . In Figure 7a we show the distribution of the molecular cloud associated with G349.7+0.2, as traced by the CO 1-0 emission , superimposed on the Chandra image. The molecular cloud interaction with G349.7+0.2 also appears to be limited to the central part of the remnant. The location of OH(1720 MHz) masers (Frail et al. 1996) , also shown in Figure 7a , point to the on-going interaction between the CO cloud and the SNR. OH masers originate from shocked molecular clumps with density around 10 5 cm −3 and temperature of 50-125 K, which have encountered the shock propagating transverse to the line of sight (Elitzur 1976; Lockett, Gauthier & Elitzur 1999) . Shocked H 2 2.12 µm emission has also been detected at the locations of the OH masers ). The velocity-integrated H 2 1-0 S(1) emission is shown in Figure 7b , superimposed on the Chandra image. The H 2 line emission originates from the warm (∼ 10 3 K) gas just behind the part of the shock front expanding into the molecular cloud. The H 2 emission is also situated in the center of the SNR where X-ray emission is very faint. It is possible that due to high density in this region the SNR shock became radiative and we see the transmitted shock through the molecular cloud, that radiates mostly in IR band; mid-IR and far-IR emission has also been detected from this part of the SNR ). Thus, the density gradient responsible for the morphology of G349.7+0.2 is probably produced by H i clouds, as seen in IC 443. Velocity-integrated (+14 to +20 km s −1 ) H i emission is shown in Figure 8 overlaid with contours of CO integrated over the same velocity range and the 18 cm radio image of the SNR. The overall large scale morphology of the atomic gas is consistent with that of the molecular gas. The H i gas follows the distribution of the large CO shell, with H i emission peaks not always coinciding with the CO peaks, as is commonly found between atomic and molecular gas. Thus, H i material is present in the region towards G349.7+0.2.
The density, size, and luminosity of G349.7+0.2 are similar to those proposed by Chevalier (1999) for Galactic SNRs expanding into an intercloud medium, and to those of compact SNRs in other galaxies (Chevalier & Fransson 2001) . These remnants are expanding into molecular clouds, but because of the clumpy structure of molecular clouds and the small filling factor of dense clumps, the remnant is mostly expanding into an intercloud medium with densities 5-25 cm −3 (Chevalier 1999) . Indeed, the molecular cloud associated with G349.7+0.2 has a density of ∼10 3 cm −3 , whereas densities determined from Xray emitting plasma of ∼ 5 cm −3 are more characteristics of an intercloud H i medium. This high density of ambient medium results in a rapid SNR evolution and a large amount of swept-up material producing very high luminosity (∼ 10 37 ergs s −1 ) in a short period just before the SNR becomes radiative and starts to cool rapidly. Such remnants can be recognized by a high radio surface brightness (e.g., IC 443 and W44; Chevalier 1999) or a strong IR flux (Chevalier & Fransson 2001) . The X-ray observations of G349.7+0.2 imply that this SNR is still dynamically young enough to produce a significant X-ray flux, in addition to strong radio flux. The radiative part of the shell should be accompanied by a H i shell. However, highresolution observations towards G349.7+0.2 are needed to investigate the association between the H i emission and the SNR shock.
Detection of Ejecta and the Two-Component SNR Plasma
The solar abundances and large X-ray emitting mass derived from ASCA observations imply that the X-ray emitting gas in G349.7+0.2 is dominated by swept-up interstellar material (Slane et al. 2002) . The implication is that, similar to the case of the SNR N132D in the Large Magellanic Cloud (e.g. Hughes 1987), the SN ejecta component, expected from such a young SNR, is largely hidden by the glow of massive amounts of swept-up material. In the case of N132D, optical studies showed clear evidence of fast-moving ejecta synthesized in the collapse of a massive star. In X-rays, there was initially no detection of ejecta, but high resolution spectral studies indicated enhanced levels of oxygen (Hwang et al. 1993) , and the presence of an additional higher temperature spectral component which could be related to the ejecta (Favata et al. 1997; Behar et al. 2001) . With the Chandra observations, we clearly detect enhanced abundances of Si and possibly of S in G349.7+0.2, which provides the first evidence for the presence of ejecta in this remnant. Similar evidence for the presence of ejecta in two middle-aged Large Magellanic Cloud SNRs, 0548-70.4 and 0534-69.9, with substantial amount of swept-up material (∼ 50M ⊙ ) has been presented by Hendrick, Borkowski, & Reynolds (2003) , who derive enhanced Fe abundance based on the Chandra spectra of these remnants.
The detection of the enhanced abundances only in the harder spectral component suggests that this component is associated with the SN ejecta, which means that the softer spectral component is related to the forward shock and the swept-up material. If the ambient medium into which the SNR is expanding has much lower density than that of the ejecta, the forward shock will be heated to a significantly higher temperature than the ejecta; this is the case in the young SNR Cas A (e.g., Willingale et al. 2002) . However, G349.7+0.2 is expanding into a dense medium and it is possible that the forward shock is cooler than the ejecta. The assumed density gradient in the ambient medium could yield enhanced S in just the western-most region, as hinted at in the data; the amount of swept-up material is lowest there because of the low ambient density, which enables the ejecta component to have a larger filling factor relative to the eastern regions where the ambient density is higher. Indeed, the fits to all the other regions (1 through 5) could accommodate a contribution from the plasma component of region 6 with an emission measure an order of magnitude lower than the components listed in Table 3 .
The lower limit on the fractional mass of ejecta can be
where a is the measured abundance, and M solar /M total is the standard solar mass fraction; for Si and S the mass fractions are 6.96×10 −4 and 4.79×10 −4 , respectively (Grevesse & Sauval 1998) . Using the measured abundances from region 6, we derive M Si /M total ≥ 9.74×10 −4
and M S /M total ≥ 2.39×10 −4 . The observed emission measure in region 6 implies a gas density of n H ≈ 2.3 cm −3 , which for an emission volume of ≈ 1.4×10 58 cm 3 (32 ′′ × 113 ′′ × 144 ′′ ) gives a total mass in the region of ≈ 34 f V M ⊙ . The mass of the observed Si and S ejecta is thus ≥ 0.033 f V M ⊙ and ≥ 0.008 f V M ⊙ , respectively. This is a significant fraction of the amount produced by 13-15M ⊙ stars (Si: 0.047-0.07M ⊙ , S: 0.026-0.023M ⊙ ; Thielemann, Nomoto, & Hashimoto 1996).
Implications for Mixed-Morphology SNRs
OH(1720 MHz) maser emission such as that associated with G349.7+0.2 and IC 443, has been found in about 10% of the Galactic SNRs (e.g. Green et al. 1997; Wardle & Yusef-Zadeh 2002) . Seven of these maser-emitting (ME; Yusef-Zadeh et al. 2003) SNRs have been studied in detail in X-rays, and all of them are found to be of the mixedmorphology (MM; Rho & Petre 1998) class of SNRs. MM remnants, also known as thermal composites, are identified by shell emission in the radio band, and centrally brightened thermal emission in the X-ray band with little or no shell brightening. The evolutionary characteristics which lead to mixed-morphology X-ray properties in SNRs are not well understood, and different models have been suggested to explain individual cases. One such model invokes evaporation of clouds which are left relatively intact after the passage of the SNR blast wave and are evaporating in the SNR interior (White & Long 1991) . Another model explains the emission for the mixed morphology SNR W44 (Cox et al. 1999) as due to the effect of thermal conduction in the remnant interior. Another model for mixed morphology SNRs invokes shell-like SNR evolution at the edge of a molecular cloud, in which the ambient density gradient does not lie in the projection plane (Petruk 2001) .
A possible correlation between ME and MM SNRs has been suggested, because both types of SNRs appear to be associated with molecular clouds (Green et al. 1997; Rho & Petre 1998) . The fact that some MM SNRs do not have OH masers is not unexpected because very specific physical conditions are required for the maser excitation. However, it has been suggested that all ME SNRs could be of the MM class (Rho & Petre 1998; Yusef-Zadeh et al. 2003) . G349.7+0.2 is then an example of a ME SNR which does not exhibit MM morphology. Its morphology, which is not centrally peaked, can be explained by the projection effect model used to explain MM SNRs as well (Petruk 2001) . As shown in previous sections, we are likely seeing the SNR expanding into a density gradient of an angle of ≈ 45
• . If we were to observe the expansion along the direction of the density gradient, we would see centrally peaked X-ray emission rather than two overlapping shells. Another example is the only ME SNR in the Large Magellanic Cloud, N49 (Brogan et al. 2004 ). This remnant also has an irregular shell morphology in both radio and X-rays, with a bright region to the south-east (e.g., Park et al. 2003) , which can similarly be explained as resulting from expansion in a density gradient produced by the presence of a molecular cloud, as mapped by Banas et al. (1997) . Thus, if ME and MM SNRs are the same class of the SNRs and there is a single mechanism to explain their appearance and spectral characteristics, the observations of G349.7+0.2 would support the projection model. Identifying more cases of SNRs expanding into density gradients seen under different angles might provide further support for the projection model and contribute towards understanding the nature of MM SNRs.
conclusions
We present high-resolution Chandra observations of a small-diameter SNR, G349.7+0.2. Its X-ray morphology is almost identical to that at radio wavelengths, and is consistent with expansion into a density gradient viewed at an angle of ≈ 45
• . We investigated the atomic and molecular material in the vicinity of the SNR, and suggest that the SNR belongs to the class of SNRs expanding into an intercloud medium discussed by Chevalier (1999) . The interaction with the molecular cloud is probably limited to the central portion of the SNR, where the SNR shock became radiative and the shocked material radiates mostly in the IR band ). G349.7+0.2 belongs to a class of maser-emitting SNRs which have been suggested to be related to the mixed-morphology class of SNRs. G349.7+0.2 does not exhibit mixed-morphology, but its brightness distribution can be explained with the projection model for mixed-morphology SNRs.
The spectrum from the whole SNR can be fitted with two thermal components, produced by distinct swept-up and ejecta plasma contribution. The softer component has a plasma temperature ≈ 0.8 keV and is in ionization equilibrium, while the harder component has plasma temperature ≈ 1.4 keV, ionization timescale ≈ 4 × 10 11 cm −3 s and enhanced abundances of Si. The slightly enhanced S in just the western-most part of the SNR could, if correct, be explained by a higher filling factor of the ejecta component relative to the swept-up component because of the lower density of the ambient medium in that region. The column density to the SNR of ≈ 7×10 21 cm −2 derived from X-ray data agrees well with the value derived from H i and CO data.
We find a point source with a small number of counts (≈ 30) close, in projection, to the SNR center. Using the column density value found towards the SNR and the observed range of photon index values from neutron stars, we estimate the luminosity of the point source in the 0.5-10.0 keV band to be ∼ (3 − 5) × 10 34 d 22 ergs s −1 . This luminosity and the lack of an optical and radio counterpart suggests that the X-ray point source could be the compact object formed by the explosion that also produced in G349.7+0.2.
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